Abstract. A new species of Crocidura is described from the Ke Go Nature Reserve in Ha Tinh Province, Vietnam. Its small body size and conspicuous brownish black mystacial patches on the muzzle above the upper lips readily distinguish it from the three species of Crocidura commonly reported from Vietnam: C. fuliginosa, C. attenuata and C. indochinensis (formerly C. horsfieldii indochinensis). In body size, the Ke Go shrew most closely resembles another crocidurine, C. wuchihensis, which was originally described as a subspecies of C. horsfieldii from Hainan Island, China, but has recently been identified as a separate species also occurring in Vietnam. The new species can be separated from C. wuchihensis by its smaller body size, certain shorter cranial and dental dimensions (condylo-basal and braincase lengths, incisor to third unicuspid length, upper toothrow length) and deeply emarginate posterior border of the last premolar and each molar. Known only from the holotype, the discovery of the new Crocidura underscores our meager knowledge of Vietnamese Soricomorpha diversity and the need for continued surveys of small mammals in remnant lowland and mountain forests within the country.
White-toothed shrews of the genus Crocidura are among the most poorly known of Vietnamese mammals. The little available information was reviewed by Heaney and Timm (1983) who provided morphological descriptions, measurements, and locality records for the three species known from the country at that time: Crocidura fuliginosa, C. attenuata and C. horsfieldii indochinensis. Their review remains a useful summary of the larger, more commonly collected Vietnamese Crocidura; however, in recent years it has become increasingly clear there are still more species of not only Crocidura, but also other soricids remaining to be discovered in the country (Lunde et al. 2003) .
In 1999, Feiler and Ziegler (1999) reported a collection of Crocidura from Ky Anh-Ke Go (or 'Ke Go') Nature Reserve, Ha Tinh Province, Vietnam ( Fig. 1) and noted a specimen of Crocidura they could not identify. To Feiler and Ziegler (1999) the specimen resembled C. attenuata, but it was too small to be this species and also differed from it in several external features. They referred to the specimen as Crocidura sp. and suggested it probably represented a new species but deferred proposing a name until a larger sample became available from Vietnam.
At about the same time that Feiler and Ziegler were preparing their preliminary report on the Ke Go Crocidura, Lunde and Musser were engaged in a survey of the small mammals from nearby Huong Son Forest, in the northwest corner of Ha Tinh Province (Fig. 1) . They employed long lines of pitfall traps which, ideally suited for the capture of shrews, yielded large samples of Crocidura. Most are C. attenuata, but some of the smaller specimens approach the size range of the Ke Go specimen. The newly collected Huong Son specimens, together with additional material already available in museum collections, make a final determination of the Ke Go Crocidura possible. Clearly different from any other Crocidura previously described from the region, Feiler and Ziegler's (1999) Crocidura sp. represents a new species, which we name and describe here.
Materials and methods
Specimens examined are stored in the American Museum of Natural History, New York (AMNH); Field Museum of Natural History, Chicago (FMNH); Staatliches Museum für Tierkunde Dresden (MTD); and the National Museum of Natural History, Washington D.C. (USNM). External measurements for tail length (T); hindfoot length (HF); and ear length (E) (all in millimeters) and weight (in grams) are those recorded by collectors on original specimen tags. Head-and-body length (in millimeters) was obtained by subtracting tail length from the collectors measurement of total length. Cranial and dental measurements were taken with digital calipers accurate to 0.01 mm and were rounded to the nearest tenth of a millimeter before statistical analysis. The principal components analysis was conducted on the covariance matrix using measurements transformed to their natural logarithms. Terminology used when describing external morphologies follows Brown (1971) and Brown and Yalden (1973) . Descriptions of the dentition follow Dannelid (1998) except we continue to use the term 'unicuspid' for the teeth just posterior to the first incisor.
Results
The Ke Go Crocidura is readily distinguished from the three other species of the genus previously reported from Vietnam (Heaney and Timm 1983) . Body size is the most reliable means for differentiation, with measurements of the Ke Go Crocidura smaller than those for Vietnamese specimens of C. fuliginosa, C. attenuata and C. horsfieldii indochinensis. Crocidura fuliginosa is the largest, with head-and-body and tail lengths ranging between 79-89 mm and 62-80 mm respectively ( to 48 mm and 27 mm, respectively, for the Ke Go Crocidura (Table 1) . Feiler and Ziegler (1999) considered the possibility that the Ke Go animal might represent a young C. attenuata, but the new species is still far too small to represent even a young individual of this species, with measurements for head-and-body and tail lengths ranging 66-89 mm and 41-61 mm, respectively (Heaney and Timm 1983; Lunde et al. 2003) . The smallest of the three species of Crocidura previously reported from Vietnam is C. indochinensis. Heaney and Timm (1983) referred to it as Crocidura horsfieldi indochinensis, but Lunde et al. (2003) recently suggested that the name horsfieldii is better restricted to populations from Sri Lanka and peninsular India, with C. indochinensis representing a separate, morphologically distinct species occurring in Myanmar, Yunnan China and Vietnam (detailed account of the morphological and distributional limits of C. indochinensis being prepared by Musser, Lunde and Paula Jenkins) . Crocidura indochinensis, although smaller in body size than either C. fuliginosa or C. attenuata, is still much larger than the Ke Go Crocidura (Table 1) .
Shrews close to the size range of the Ke Go Crocidura occur beyond the borders of Vietnam: C. shantungensis (HB 50-79; T 28-47.5) in temperate China and Korea (Jiang and Hoffmann 2001; Motokawa et al. 2003) and C. monticola Hind foot length 13 ± 0.0 13-13 (2) 11.3 ± 0.8 10-13 (9) 10 Ear length 10.5 ± 0.7 10-11 (2) 7.7 ± 0.8 6-9 (9) 5 Condylo-basal length 17.1 ± 0.1 17.0-17. 2 (3) 16.0 ± 0.6 15.2-17.1 (9) 14.9
Upper toothrow length 7.5 ± 0.1 7.5-7.6 (3)
6.9 ± 0.3 6.5-7.3 (10) 6.5
Incisor-3rd unicuspid length 3.3 ± 0.1 3.1-3.4 (3) 3.1 ± 0.2 2.9-3.5 (10) 1984; Ruedi 1995) . However, the distributions of both C. shantungensis and C. monticola are separated from Vietnam by considerable geographic gaps (Jenkins 1982; Jiang and Hoffmann 2001) and each is readily distinguished from the Ke Go Crocidura morphologically: Crocidura shantungensis has a sharply bicolored tail which is very hairy and has bristles along its entire length (Jiang and Hoffmann 2001) , while C. monticola is distinguished by its longer tail and high, domed braincase (Davison et al. 1982; Jenkins 1982; Davison 1984; Ruedi 1995) .
The only Crocidura of small body size that requires comparison with the Ke Go Crocidura is C. wuchihensis. Originally described as a subspecies of C. horsfieldii from Hainan Island (by Wang, in Shaw et al. 1966) , wuchihensis was listed that way by Corbet and Hill (1992) , but is now regarded as a valid species from Vietnam (Lunde et al. 2003) ; it is with C. wuchihensis that we restrict our comparisons when describing the Ke Go Crocidura.
Crocidura kegoensis new species
Holotype: MTD B 23389. An adult female collected on 12 September 1998 by T. Ziegler from "Ky AnhKe Go" (= "Ke Go" or "Ho Ke Go") Nature Reserve (vicinity of 18°04'N, 105°58'E), Ha Tinh Province, Vietnam, at an altitude of about 200 m.a.s.l. The holotype consists of a dried study skin, body preserved in alcohol, skull and mandible.
Diagnosis: A very small brownish gray Crocidura with short tail and feet, and conspicuous blackish mystacial patches on the muzzle above the upper lips (Fig. 2) . Skull very small and with a short rostrum and a broad, flattened braincase; posterior margin of P 4 strongly emarginate, resulting in a spacious crescentic gap between it and M 1 (Figs. 3 and 6). Description: A diminutive shrew with short tail and hind feet (Table 1) . Pelage short (approximately 1.5 mm long over the midback, 1.0 mm on the underside). Dorsal pelage brownish, the individual hairs gray basally with pale brown or brownish white tips; ventral pelage pale grayish brown, individual hairs pale gray at the base with brownish-white tips. There is a gradual transition along the flanks between overall coloration of the dorsal and ventral pelage. Tail brown above, only slightly paler below, sparsely covered with short brown hairs that are generally not visible without magnification; long pilose hairs scattered along the basal half of the tail. Dorsal surfaces of feet sparsely clad in brown hairs; hands covered with a mixture of brown and white hairs. Hands and feet overall appear pale brown due to the brownish skin. Claws on hands and feet are well developed. Hind foot with four interdigital pads, the thenar and hyopothenar situated close together but not touching; granules interspersed between the pads of the hind foot are brown. Face with distinct patches of blackish brown skin and dark brown fur extending along the muzzle from the nasal pad to just forward of the corner of the mouth and measuring approximately 1.3 × 4.5 mm (Fig. 2) . These mystacial patches stand in stark contrast with the otherwise pale brown fur of the head and less densely haired region encircling the eye. Mystacial vibrissae extend back to the ear; interamal, genial and carpal vibrissae are present. Ears are dark brown on the dried skin of the holotype, appearing naked but a covering of short fine hairs is visible under magnification.
Skull small, the rostrum short and broad; braincase broad and flattened (Fig. 3) . First upper incisor falciform. Each of three upper unicuspids each with a strong central cusp. The first unicuspid is the largest of the On the study skin of the holotype the external pinnae have dried and shriveled to expose an area of hairless skin (the part of the pinnae adpressed against the side of the head) that is bright white from the cotton used to stuff the specimen. Although highly conspicuous on the holotype these bright white areas are an artifact of the way the specimen was prepared and were not illustrated in this representation.
three and is more than twice the size of the second; in lateral view its height is greater than that of the talon of the upper incisor. Second unicuspid the smallest of the three, but only slightly smaller than the third. Upper premolar (P 4 ) with a small but well-defined anterior parastyle and a tall thin paracone (Fig. 5) . The protocone is only slightly more prominent than the barely perceptible hypocone. Posterior border of P 4 deeply concave, exposing a crescent of underlying bone between it and anterior margin of the first upper molar (Fig. 6 ). First and second upper molars (M 1 -M 2 ) each with the parastyle, paracone, mesostyle, metacone and metastyle connected by ridges, forming a W-shape; metacone prominent, much taller than the low paracone, protocone and hypocone of each. Strong emargination on M 1 and M 2 define crescentic posterior margins, but these are less severe than in P 4 (Fig. 6) . Third upper molar (M 3 ) less than half the size of the second (M 2 ) and with cusps greatly reduced (Fig. 6) . First lower incisor procumbent and acuspulate. Lower unicuspid elongated. Lower premolar (P 4 ) with a high pointed anterior cusp from which lingual and buccal crests run posteriorly to form a small depression. Trigonid of first and second lower molars (M 1 -M 2 ) with a low paraconid, medium metaconid, and tall protoconid. Talonids of M 1 -M 2 each with a low, broad entoconid and prominent hypoconid; metaconid and entoconid of M 1 and M 2 connected by a low entoconid crest. Third lower molar (M 3 ) reduced, appearing slightly larger than half the size of M 2 . Talonid of M 3 especially reduced but with minute entoconid and hypoconid still discernable.
Comparisons: The only species of Crocidura known from the region which approximates the diminutive size of the new species is C. wuchihensis, but C. kegoensis is still smaller with measurements for head-and-body length, tail length, ear length, condylo-basal length, incisor-3rd unicuspid length, and braincase length all outside the range of variation of these measurements in our sample of C. wuchihensis (Table 1) . When study skins of the two species are compared side-by-side, C. kegoensis stands apart as a browner shrew with a shorter pelage. Individual hairs of the dorsal pelage of C. kegoensis are short and brown, as described above, whereas in C. wuchihensis they are about 2.5 mm long in the middle of the back, slate gray at the base and dark grayish brown at the tips. The hairs of the ventral pelage are likewise brown in C. kegoensis compared with the overall dark grayish ventral pelage of C. wuchihensis. In both C. wuchihensis and C. kegoensis the tail is monocolored brown with long pilose hairs scattered along the proximal half, but the tail of C. kegoensis is much shorter. Both species have pale brown hands and feet, but the absolute length of the hind foot of C. kegoensis is smaller (Table 1) .
One of the most conspicuous external features distinguishing C. kegoensis from C. wuchihensis is the blackish brown mystacial patch on the muzzle of the former (Fig. 2) . Although the mystacial vibrissae are dark brown in both C. kegoensis and C. wuchihensis, in C. kegoensis the underlying skin is also pigmented, imparting noticeably darker, blackish brown mystacial patches. This dark brown mystacial patch strongly contrasts with the pale region of the face around the eye (Fig. 2) . In both C. wuchihensis and C. kegoensis, the area of the face around the eye is less densely haired but in C. kegoensis the pelage is shorter and therefore much more of the skin shows through, giving the region a noticeably paler brown appearance (Fig. 2) .
The skull of C. kegoensis is similar to that of C. wuchihensis in general shape (Fig. 4) , but is absolutely smaller in most length dimensions, and broader relative to condylo-basal length (Table 1) . Values for measurements reflecting skull lengths (condylo-basal, upper toothrow, incisor to third unicuspid, and braincase lengths) are all either outside or at the lower end of the range of variation for C. wuchihensis (Table 1 ). In contrast, measurement values expressing aspects of cranial breadth (M 2 -M 2 , braincase, least interorbital, and postglenoid breadths) all fall within the range of variation observed for C. wuchihensis. These observations are reflected in a Principal Component Analysis, where the score for C. kegoensis is isolated from those representing C. wuchihensis on the first component (Fig. 7) . Coefficients of the unit eigenvector on Principal Component 1 are all positive, suggesting a size difference, with coefficients for condylo-basal length, upper toothrow length, incisor to third unicuspid length, and braincase length and height most strongly influencing the dispersion of scores (Table 2) .
In lateral view, the braincase of C. kegoensis is flatter compared with C. wuchihensis (Figs. 3 and 4) , and the measurement for height of braincase of C. kegoensis is at the lower range of variation seen among our sample of C. wuchihensis (Table 1 ). Other differences between the two include the morphology of the last premolar, which has a deeper concave posterior border exposing a crescent of underlying bone (Figs. 3 and 4) . A similar contrast in degree of concavity is also seen in the posterior border of each molar (Figs. 3 and 4) .
Suncus etruscus was recently reported from Vietnam for the first time (Feiler and Nadler 1997) . This species averages smaller in body size than C. kegoensis, with measurements for the head-and-body and tail lengths reported as 66-67 and 24-29, respectively, for two Vietnamese specimens (Feiler and Nadler 1997) . Although once regarded a subgenus of Crocidura, Suncus is characterized by four upper unicuspids compared to only three in Crocidura. These differences and the smaller size and narrower cranium of Suncus etruscus allow for the ready distinction of the two.
Distribution: Currently known only from the type locality in Ha Tinh Province, Vietnam (Fig. 1) .
Etymology: The specific name refers to the type locality lying within the Ke Go Nature Reserve, which was named for Lake Ke Go (Vietnamese: "Ho Ke Go") in the south of Ha Tinh Province (Le et al. 1999; Ziegler 2002) ; the scientific name emphasizes the importance of the Ke Go Nature Reserve, one of Vietnam's last remaining lowland rainforests. We propose the vernacular "Ke Go white-toothed shrew".
Natural History: The single specimen was collected during the day and was one of two individuals observed by the collector as he peered through a small opening leading deep into the root cavity of a large tree in primary forest (Fig. 8) . This tree was growing on a slope near a dry, approximately 2 m wide rocky streambed which could be followed to a larger 3-5 m-wide and 1.5 m-deep stream (Fig. 9) . Using a flashlight and a long stick, the two shrews were induced to exit the rather small holes but only one of these was caught. At the time the specimen was collected it was the beginning of the rainy season. A max-min thermometer hung 1.5 m above the ground in forest within 100 m of the collecting site recorded temperatures from 22-28.4°C and 89-99 percent RH within the 24-hour period that the specimen was collected.
Discussion
Shrews are among the most poorly known of Indochinese mammals, and discoveries of new species and new distributional records accompany most surveys of their diversity (Jenkins and Smith 1995; Feiler and Nadler 1997; Feiler and Ziegler 1999; Smith et al. 2000; Lunde et al. 2003) . Among Indochinese Crocidura, C. fuliginosa and C. attenuata are best known, being relatively abundant and widely distributed; however, the possibility of these two species being composites of more than one species remains to be explored. The recently resurrected C. rapax, C. vorax are known from China and Laos but probably have a wider distribution throughout Indochina. Other species including C. indochinensis, C. wuchihensis remain little known. Fig. 7 . Individual specimen scores on the first and second principal components from an analysis of log-transformed values of 6 cranial and 5 dental variables (see Table 1 ) from the covariance matrix of an analysis with adult specimens of Crocidura wuchihensis (open circles) and C. kegoensis (closed circle) from Vietnam. With the description of this distinctive species, we bring the total number of Crocidura known from Vietnam to five: C. fuliginosa, C. attenuata, C. indochinensis, C. wuchihensis and C. kegoensis. More than just adding to a species list, the discovery of C. kegoensis is a contribution towards more accurately accounting the country's true diversity, which in turn helps us better understand general patterns of species diversity across the Vietnamese landscape. Ha Tinh Province encompasses two distinct ecoregions (Wikramanayake et al. 2002) : Northern Vietnam Lowland Rainforest and Northern Annamites Rainforest. Northern Annamites Rainforest extends across Vietnam's Annamite Range, contains large tracts of intact forest and supports a spectacular endemic mammal fauna which includes several large, and recently discovered endemics including the Saola (Pseudoryx nghetinhensis), Giant muntjac (Muntiacus vuquangensis), and Truongson muntjac (Muntiacus truongsonensis) (Groves and Schaller 2000) .
In sharp contrast, nearly all of Vietnam's Northern Lowland Rainforest, which extends along the Vietnamese coastal plain from the lower reaches of the Red River south to northern Quang Nam Province, has been converted to non-forested habitats (Wikramanayake et al. 2002) . What might have been an equally spectacular large mammal endemic fauna was lost long before it could be documented. Only one species of small mammal is presently thought to be endemic to the region: Paracoelops megalotis, a monotypic microchiropteran genus known from a single specimen (Dorst 1947 ). Could C. kegoensis represent a second small mammal species endemic to Vietnam's northern lowland rainforests? Its small size and apparent rarity might lead one to believe so but, as Hanski (1994) has hypothesized, the smallest of shrews may have a tendency to exist in small, continuously shifting, and ephemeral local populations distributed across very large geographic ranges. In any case, with but one specimen of C. kegoensis there is simply too little data to assert much of anything beyond its existence -its geographic range and conservation status are insufficiently known. Are there any more Soricomorpha awaiting discovery from Vietnam? The answer to this question awaits further small mammal field surveys. These should not be stymied for fear of depleting species numbers because removal trapping does not adversely affect local shrew populations (Nicolas et al. 2003) . More intensive efforts to survey Vietnam's fauna of non-volant small mammals are likely to uncover a rich diversity of Soricomorpha species.
